Objectives: To identify demographic, medical, and psychosocial characteristics that distinguished sickle cell disease (SCD) patients who were frequent utilizers of urgent or emergent care resources from low-utilizing patients.
S ickle cell disease (SCD) is a hematologic illness producing complex multisystem damage and morbidity. There are approximately 100,000 people with SCD in the United States, where the disease is heavily concentrated in the African American subpopulation. 1, 2 Although rare relative to many other chronic medical conditions, it is one of the most common genetic disorders. The illness is caused by a single-point substitution in the gene for the hemoglobin b-chain. When this abnormal hemoglobin (S) allele is inherited with another abnormal b-globin allele, most commonly another S allele (SS genotype), clinically significant polymerization of the hemoglobin occurs. The resulting erythrocyte deformation and rigidity cause hemolysis, hyperviscosity, and microvascular hypoperfusion. SCD affects every major organ system, including the central nervous system, and shortens the life expectancy of affected people by approximately 30 years. 2 Painful vaso-occlusive crises (VOC) are the best described phenomena associated with SCD. The mechanism by which crises begin and the chain of events that leads from polymerization of hemoglobin to perception of pain in the central nervous system are not well understood. Current research suggests that highly complex interactions between erythrocytes, the endothelium, immune cells and inflammatory mediators, and the peripheral nervous system are involved. 3, 4 The pain of VOC is severe and highly unpredictable. There are no objective markers for the presence or severity of VOC. Current standards of care are to accept a patient's report of crisis and treat accordingly, which generally requires parenteral opioids for pain control along with other supportive measures, often in emergency departments (EDs) or inpatient units. 5 Despite the burden of both chronic and acute pain imposed by SCD, most affected individuals manage at home, and only a minority of crises results in acute care visits, usually to hospital EDs. 6, 7 Despite this, costs for the care of SCD are exceptionally high, and most of these costs are associated with hospital utilization. [8] [9] [10] As an example, in a recent study of the US ED data, Lanzkron et al 11 reported that charges for hospital admissions from EDs for SCD were on a similar order of magnitude to conditions over 100 times more common. This paradox is explained by the skewed distribution of hospital utilization, such that only 10% to 20% of all SCD patients account for over 50% of the costs of care. 10, 12, 13 Rare patients who literally spend more time hospitalized than not hospitalized can be identified in large samples, and the management of this subpopulation is an often-discussed problem among SCD providers. 12, 13 Although objective markers of disease severity are associated with acute care visits, 2 they only partially explain differences in utilization. 14, 15 For example, Anie and colleagues 14 found that pain severity and complications explained only about 12% to 24% of the variance in acute care utilization in the United Kingdom. Psychiatric explanations are a common resort when clinicians are confronted with high-utilizing, treatment refractory SCD patients, and there is some evidence that psychological factors are related to pain and treatment utilization in SCD. [15] [16] [17] [18] [19] However, the extant literature provides mostly suggestive associations between measures of psychological distress and treatment utilization, with little guidance as to intervention.
In many other chronic medical conditions, major depression and anxiety disorders are associated with greater health care utilization. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Depressive symptoms are prevalent among SCD patients 17, 19, 31, 32 and have been associated with worsened pain, 17, 19, 33 greater opioid use, reduced quality of life, and reduced relief from opioids, 6, 17 mostly in cross-sectional studies. In SCD, findings on depressive symptoms and utilization have been mixed. 17, 18, 31 The study of these patients in the United States also is hampered by the rarity of the disease, greatly limiting sample sizes. Use of large government and institutional databases has significant limits on individual-level data. 12, 13, 34, 35 In clinical settings, other investigators have studied samples of a few hundred patients and related dimensional measures of psychological constructs to utilization measures. 16, 17 These methods also have limitations imposed by the skewed distribution of utilization, as the high-utilizing patients who are most relevant to resource utilization are uncommon enough that even large clinics cannot produce samples of sufficient size for complex analyses.
The present study is a preliminary attempt to addresses some of these problems. A group of high-utilizing SCD patients (with >4 acute care visits in the prior 12 mo) was recruited from the Johns Hopkins Sickle Cell Center for Adults (SCCA), a large comprehensive SCD treatment center. On the basis of the literature and experience within the clinic, these participants likely represented the top 10% of patients with respect to utilization. These patients were compared with others with a more typical utilization pattern. A comprehensive set of measures of family history, early life experience, social support, personality, depressive symptoms, and medical severity were used and the similarities and differences between the high-utilizing subpopulation and the comparison group were investigated. It was hypothesized that high utilizers would score higher on pain-related catastrophizing, depressive symptoms, violence exposure, and neuroticism and lower on measures of social support. It was also expected that high utilizers would have greater lifetime prevalence of complications of SCD.
METHODS

Participant Recruitment
Participants were patients in the SCCA at Johns Hopkins Hospital. The SCCA is a comprehensive sickle cell treatment center that provides outpatient care, acute care in the form of an urgent-care infusion center for evaluation and treatment of VOC, and inpatient services through associations with Johns Hopkins Hospital inpatient units. Patients were approached during treatment at the outpatient infusion center or at regular clinic visits by research staff. Patients in the infusion center were approached only once clinical staff had informed research staff that approach would not disrupt care. No patients were excluded from approach by clinical staff. The clinical staff of the infusion center included the physician assistant and head nurse of the infusion center. Clinical staff examined the hospital electronic medical record and fed back to research staff whether the patients met criteria for the high-utilizer group. At outpatient visits, a research staff member accessed the electronic medical record directly to determine the category. Patients were considered high utilizers if they had a history of >4 acute care visits (ED or infusion center) in the past 12 months. Clinical staff informed research staff whether the prospective participant met criteria for the high-utilizer category before approach. The total sample size was 56, with 27 participants in the comparison group and 29 in the high-utilizer group. Six of the participants did not complete all study measures (10.7% of the consented sample). The number of patients approached who did not consent was not tracked but was lower than the number who consented but did not complete the measures. The study was approved by the Johns Hopkins University Institutional Review Board, and written consent was obtained from all participants.
Study Measures
Medical Severity and Management
A clinical/research database created using hospital and clinician records was reviewed for measures of disease severity, complications, and prior management. Measures included: SCD genotype; lifetime history of avascular necrosis of joints, cerebrovascular accidents, pulmonary hypertension, chronic renal disease, or acute chest syndrome; current use of hydroxyurea or chronic transfusion; and lifetime history of iron overload. Database entries for each participant were checked by chart review by 2 investigators (C.P.C. and M.R.H.) and conflicts were resolved by consensus.
Social, Psychological, and Psychiatric Measures
Family background and social support Parental relationship: Participants reported whether their parents were ever married.
Maternal and paternal education: Participants ranked each parent on highest educational achievement. These reports were categorized as less than high school, high school graduate or equivalent, some college, or bachelor's degree or greater.
Family psychiatric history: Participants also were asked whether there was a known history of psychiatric illness, drug use problems, or alcohol problems in their first-degree relatives (parents or siblings) or extended relations. The specific questions were composed of the root: "Did anyone in your [immediate/extended] family (with parenthetic explanation of immediate or extended)y," followed by (1) "ysuffer from a mental illness (such as depression, schizophrenia, bipolar disorder)?;" (2) "ydrink heavily, have an alcohol problem, or abuse alcohol?;" and (3) "yhave a problem with illegal or prescription drug use (like cocaine, heroin, sedatives, or others)?"
Violence, abuse, and neglect exposure: Exposure to violence before age 18 was measured by 4 questions derived from the Adverse Childhood Experiences study describing childhood exposure to violence. [36] [37] [38] [39] The questions followed a progressive pattern, asking whether any adult in the household had been the victim of violence ranging from pushing and slapping to assaults with dangerous weapons. The total number of "yes" responses were summed to provide an index of violence exposure (maximum of 4). Abuse or neglect experienced by the patient during childhood was measured using 5 items from the Adverse Childhood Experiences study of childhood abuse and neglect. [38] [39] [40] [41] The questions addressed verbal abuse, violence, whether the patient was ever in foster care, and whether the patient had ever been left alone for more than a day before age 16. Again, the total number of "yes" responses was used as an index for the experience of abuse or neglect (maximum of 5).
Social support: Overall social support was measured using the 6-item version of the Social Support Questionnaire. 42 The instrument asks about the number of people participants could rely upon to distract them from their problems, help them relax, accept them, care about them, help them feel better when down in the dumps, and console them. There was no stated maximum to the number of people each participant could list in each area. In addition, participants rated their satisfaction with the level of support they received on each subscale on a 1 to 6 scale. For the sake of parsimony and to minimize spurious findings from multiple comparisons, total support and satisfaction indices were created by adding together each of the 6 support and satisfaction scales.
Personal background and function Educational and occupational achievement: Participants reported their highest level of educational achievement and current occupational status. Educational achievement was categorized with the same system as parental education. Participants also were asked whether they had been suspended in school. Participants reported their means of financial support (with options being employment, disability income, family/friends support, informal work and odd jobs, or "other," which provided space for explanation). Note that these were not conceptualized as mutually exclusive, as many participants had multiple sources of income.
Psychological measures Depressive symptoms: Current depressive symptoms were quantified by the Beck Depression Inventory version II, a well-validated instrument that is widely used as a screening instrument for major depressive disorder. 43, 44 It contains 21 items corresponding to depressive symptoms with a maximum possible score of 63. Participants who screened positive at a cut point of 19 (corresponding to mild-moderate depression) 44 were contacted; those for whom a diagnosis of a depressive illness had been established and were in treatment were given no further intervention. One participant screened positive with no prior diagnosis and was seen by the primary author in consultation and ruled out for a depressive disorder.
Pain-coping strategies: Pain-coping strategies were assessed using the Coping Strategies Questionnaire, 45, 46 which provides measures of distraction, catastrophizing, ignoring, distancing, praying, and coping self-statements. 47 Personality: Variation along normal personality dimensions was measured using the NEO-Five Factor Inventory, a 60-item instrument measuring the elements of the 5-factor model of personality. 48, 49 These include Neuroticism (proneness to negative affect), Extraversion (including assertiveness, gregariousness, and positive emotions), Openness to Experience, Agreeableness (including straightforwardness, altruism, and trust), and Conscientiousness (including dutifulness, order, and competence). Responses related to each factor are summed and assigned a T score standardized to a mean of 50 and an SD of 10 relative to the reference population.
Statistical Analysis
Categorical measures were compared between highutilizing and comparison groups using w 2 tests, and continuous measures were compared using Student t test. Not all participants completed all study measures; in some cases, this was due to lack of knowledge, which was a particular problem with the paternal education items. All completed measures were used in analyses, although this did result in differing sample sizes between analyses of different measures. The sample sizes for each analysis are recorded in Tables 1 and 2 . Differences associated with a P value below 0.05 were considered statistically significant. Individual analyses were not corrected for multiple comparisons, given the preliminary nature of the study; however, the expected number of statistically significant findings by chance would be slightly >2. If Bonferroni correction had been used, the revised study-wise a level would be approximately 0.001. Because of the sample size and the rarity of the condition being studied, the authors desired a means of pointing out results that were not strictly statistically significant but seemed to be of clinical interest. Thus, odds ratios (ORs) (for proportions) and Cohen d (for continuous measures) were calculated and reported as measures of effect size. All statistical analyses were performed in the R statistical computing environment. 50 
RESULTS
Demographics, Family of Origin, and Early Life (Table 1) High utilizers were nearly a decade younger on average than the comparison group (28.6 vs. 38.0 y, P = 0.002). The parents of high and low utilizers were equally likely to be married. The parents of high utilizers seemed more educated, with more parents completing high school and more mothers having some level of college education (father's education w 2 = 9.74 on 3 df, P = 0.021; mother's education w 2 = 3.67 on 3 df, P = 0.053). There was little evidence for differences in family history of alcohol or drug problems, although there was dramatically more psychiatric illness in both immediate and extended families of high utilizers (immediate: 42.9% vs. 7.41%, OR = 9.38; extended: 39.3% vs.11.5%, OR = 4.96; for both P < 0.05). (Table 1) The majority of participants were SS genotype (66.7% of high utilizers and 73.1% in the comparison group, P = 0.697). Other individual genotypes were of such low frequency as to make statistical comparison fruitless. Although there were no statistically distinguishable differences between high-utilizers and the comparison group on lifetime prevalence of complications, the comparison group was numerically more likely to have renal disease and the high utilizers tended to have a greater lifetime prevalence of other complications. In general, high utilizers showed evidence of a more aggressive treatment history, with greater prevalence of iron overload, chronic transfusion, and hydroxyurea exposure, although again these were not statistically distinguishable. There was a suggestion that high utilizers were more likely to receive disability income than low utilizers (62.1% vs. 37.0%, OR = 2.78, P = 0.109). As expected, measures of acute care utilization were dramatically higher in the high-utilizing patients.
Functional and Medical Status
Psychological Characteristics (Table 2)
High-utilizers and the comparison group generally were not statistically distinguishable on measures of social support, coping strategies, personality, or depressive symptoms, although effect sizes associated with differences in the coping strategies of distraction (higher in the comparison group), extraversion (higher in the comparison group), and depressive symptoms (higher in the high-utilizer group) were of reasonable size. For these analyses in general, a smaller sample size was available due to participants' noncompletion of measures.
DISCUSSION
Implications of Demographic Differences in High Utilizers
The most dramatic difference between high-utilizers and the comparison group was the difference in mean age of nearly a decade. This is of particular interest, because the life expectancy of people with SCD is in the mid 40s. The distribution of ages was much narrower in the high-utilizer group, being almost entirely restricted to people in the third decade of life; only 3.45% of high utilizers were above 40 years of age, whereas 44.4% of low utilizers were above 40 years of age. As frequent hospitalizations are known to be a risk factor for early mortality in SCD, 13, 51 any sample from this subpopulation is likely to be younger. In addition, age selection may occur through an "aging-out" process. In the primary author's previous work, patients who were fre-quently admitted to the hospital in a given year tended to be admitted less often in subsequent years, and resumption of high hospital utilization after moderation was atypical. 12 Thus, although high utilizers have a greater risk of death, those who survive an initial period of high utilization are more likely to drop out of the high-utilizing category than to become chronic. Presumably, those patients who do become chronic high utilizers continue to incur the greater risk of death associated with higher utilization as well, further shifting the age of cross-sectional samples younger.
In prior studies, higher-utilizing patients with SCD have had more severe disease and greater disability. In this study, the high utilizers overall had similar or slightly greater lifetime prevalence of complications. Although they reported more reliance on disability income, this was not statistically distinguishable from the comparison group. However, these results should be considered in light of the Categorical data are represented by percents. Values for continuous measure are summarized as mean (SD). The measures of effect size (ES) for categorical values is the odds ratio (OR), for continuous measures it is Cohen d. The far-right columns represent the number in each group for each comparison; "Co" represents the comparison group and "HU" the high utilizers. "Inf" denotes an uninterpretable OR due to 0 prevalence in the comparison group. age differences of the sample. Similar lifetime prevalence of complications and greater disability in a much younger sample suggests a more rapid course of disease.
Early Life and Psychiatric Factors
The greater prevalence of self-reported psychiatric family history in the high utilizers was striking. This was present in both the immediate and extended family and of considerable magnitude. Although high-utilizing patients reported a greater prevalence of prior psychiatric contact, this difference was not supported by hypothesis testing and did not seem as robust. Caution should be used as all these data are based on self-report and might be biased by any number of differences in prior medical contacts and response biases. Prior investigators have noted that children of depressed parents use more medical resources. Although at least some of this excess utilization is in the psychiatric realm, these children also use more medical resources, 52 and the mechanism of this relationship remains largely unexplored.
Interestingly, other psychological measures expected to be relevant showed few differences in high utilizers. Although the sample size available for these measures was smaller in general, the absolute differences were unimpressive. There were no detectable differences in personality, coping strategies, or levels of social support. Depressive symptoms in the high utilizers were elevated relative to the comparison group, although not statistically distinguishable. Neither did the indices of abuse or violence exposure differ between the groups.
In fact, contrary to the authors' hypotheses, there were a number of indicators associated with greater stability and advantage among the high utilizers. Parental education in general seemed greater, and educational achievement in the high utilizers was comparable with the comparison group.
Role of Psychiatric Illness
A number of investigators have approached the role of depressive symptoms and anxiety in SCD. In general, these studies have suggested that there is a link between the level of depressive symptoms, worse pain, reduced quality of life, and greater health care utilization. 17, 19, 31 However, the relationship with health care utilization does seem to be weaker and more inconsistently found than the other associations. Although preliminary, the present study suggests one possible explanation.
The best of prior studies have administered screening instruments for psychiatric disorder and used these to prospectively predict pain and hospital utilization. 16, 17 Many of these instruments have not been validated in SCD populations; thus, their ability to distinguish true psychiatric illness from distress related to SCD is uncertain. If psychiatric illness specifically is related to utilization, it would be consistent with the finding that risk factors for psychiatric illness are more strongly related to utilization than more general measures of distress.
Family Background
The better education in high-utilizers' parents is consonant with prior research in adolescents. Brown et al 15 discovered that adolescent SCD patients' hospital utilization was associated with greater educational achievement in their mothers, and other investigators have noted that greater utilization in children with SCD was associated with greater parental knowledge of the disease. 53 A suggestive literature also has developed relating children's health care attitudes, particularly their liking of health care, to parents' attitudes on the same dimensions. 54 Similarly, health care utilization in adults is related to their attitudes toward care 55 and parental health care utilization predicts children's attitudes toward health care. 56 In addition to these more direct effects, parental education probably is a proxy for greater socioeconomic status, which is associated with greater access to and utilization of health care resources, 57 although it is typically also associated with better health. 58 Parental education probably is an indicator of a number of characteristics that help break down barriers to Values are summarized as mean (SD). The measures of effect size (ES) is Cohen d. The far-right columns represent the number in each group for each comparison; "Co" represents the comparison group and "HU" the high utilizers.
access for health care services, such as greater disease knowledge, a more positive attitude toward health care, and greater access to services. These parental characteristics may result in a greater impulse toward care seeking in the child, and with sufficient disease severity and reinforcement, eventual development of a high-utilizing pattern. These hypotheses are well ahead of the current literature and likely will require longitudinal studies of families with SCD children to settle.
Strengths and Limitations
The study faced some limitations. Chiefly, the sample size was small in statistical terms, although assembly of a similar subsample of high utilizers likely would require sampling a clinical population of over 300 patients. The low number reduced power to detect statistically significant differences, and the use of multiple univariate comparisons increases concerns for type I errors. Calculation of effect sizes does give some collateral information regarding clinical significance of the findings and points out those for which a larger sample may have yielded different hypothesis testing results; however, the results of the study should be regarded as preliminary. In some cases, the sample size was further reduced when participants did not complete all measures. Particularly with the family history measures, the self-report measures used will require replication with more rigorous methods. The participants were a single-clinic convenience sample, and so, it is possible that results will not generalize to other settings. Replication of all these results with larger samples across different settings will be necessary.
The study also had significant strengths, particularly in addressing gaps in recent research on this topic. The design allowed specific study of the high-utilizing subpopulation, which is central to the issue of health care utilization in SCD. Because of this targeted design, a very broad range of measures could be studied simultaneously, allowing a more detailed assessment of these psychosocial measures than previously reported in larger studies.
Summary
The results of this study, although preliminary, support prior work that suggests that the psychosocial background of high-utilizing SCD patients is complex, including both disadvantages and elements ordinarily associated with better outcomes. Evidence is converging to suggest that high-utilizing patients with SCD have greater familial and personal psychiatric comorbidity in addition to a more severe SCD course. High utilization also may be related to greater parental education, although the mechanism of this association is obscure. To move forward and develop a multidisciplinary strategy to improve health care utilization and patient outcomes in SCD, the field will need to apply new methods. Future work on psychiatric factors in health care utilization in SCD will require methods to establish valid psychiatric diagnoses, gauge the independence of these diagnoses from symptoms of SCD, and track changes in symptoms of both over time. To elucidate the complex relationships of parental education and socioeconomic status with utilization, prospective methods studying families of SCD children through adolescence and adulthood likely will be necessary. Possible mediators of these relationships, such as attitudes toward health care, parental health care utilization, and familial resources, will have to be measured over time. It is encouraging that in each of these areas possible interventions can be visualized; in particular, early screening and intervention for young patients at risk of psychiatric illness may be an important component of SCD care. If these results are replicated with more robust methods, it is quite likely that such interventions will be cost effective if appropriately targeted and could improve long-term mortality as well.
